Introduction
The recent discovery of a new boson by the ATLAS and CMS collaborations at the LHC [1, 2] has ushered in a new era in particle physics. The future program of the LHC, and the next stage of experimental studies in high energy physics, will be largely devoted to measuring and understanding the properties of the new state in order to determine the underlying theory from which it arises. The initial data provides only a hazy glimpse at the properties of the new particle. Observation of its decay into two photons indicates that it cannot be a spin-one state, according to the Landau-Yang theorem [3] . Initial measurements of its branching ratios into various final states indicates that its couplings are consistent with those predicted for the Standard-Model Higgs boson, as determined by the experimental collaborations and by several independent analyses [4, 5, 6] . The slight excess observed over Standard Model predictions in the γγ final state has already received explanations both within [7] and beyond the Standard Model [8, 9, 10, 11, 12, 13, 14, 15, 16, 17] . While the recent discovery has strongly constrained the parameter space of several models [18, 19, 20, 21] , significant work will clearly be needed to sharpen our picture of the new state. Searches for additional " top-quark partners" at the LHC will be needed to test whether the discovered boson obeys the principle of naturalness [22, 23, 24, 25] The Standard Model Higgs coupling is strongest to the heaviest particles. Therefore, we distinguish three types of decays: into fermions, into massive gauge bosons and loop-induced decays through a massive loop of quarks or gauge bosons. The LHC may be able to provide a measurement of the Higgs coupling at the 10 − 30% level [26, 27] . Precise theoretical predictions for these decays are therefore needed. Backgrounds to the Higgs signal are severe in many channels, particularly when a mass peak cannot be reconstructed such as in H → WW → lνlν, and knowledge of the signal shape and normalization is needed to optimize experimental searches. Signal and background cross sections must therefore be predicted as accurately as can be achieved. Higgs production at both hadron colliders, Tevatron and LHC, is dominated by gluon fusion, where two incoming gluons produce a Higgs boson via a virtual top quark loop. This is followed by vector boson fusion (VBF), where the incoming protons radiate a W or a Z boson, which subsequently interact weakly and fuse into a Higgs boson. The Higgs can also be produced in association with a pair of top quarks or through Higgs strahlung (associated WH or ZH production).
In this short review, we summarize the status of theoretical predictions for Higgs signal and background processes at hadron colliders. In addition, we discuss issues related to the effect of jet vetos on estimating the uncertainties in the gluon fusion cross section, resummation of the jet veto induced large logarithms, as well as recent proposed ideas for analyzing the Higgs properties. More details about some of these issues can be found in [28, 29, 30] 
Gluon Fusion
The dominant production mode of the Standard Model Higgs boson at the Tevatron and LHC is gluon fusion, mediated by a heavy-quark loop, with a cross section that is a factor of 10 larger than all other production modes cross sections (see Fig. (1) ). Radiative QCD corrections to this PoS(Confinement X)224 process turned out to be very important. At the NLO level, they were found to increase the LO cross section by about 80 − 100% [31, 32, 33] . The gluon-Higgs interaction seems to be very well approximated by an effective Lagrangian obtained by decoupling the top quark [34] 
if the exact Born cross section with the full dependence on the top and bottom quark masses is used to normalize the result. The difference between the exact and the approximate NLO cross sections is less than 1% for Higgs masses up to 200 GeV, and does not exceed 10% even for Higgs masses up to 1 TeV, well far away from its formal range of validity M H < 2M top . In equation (2.1), v is the vacuum expectation value of the Higgs field, v = 246 GeV, and C 1 is the Wilson coefficient, currently known through α 5 s [35, 36] . In this large M top limit, the NNLO QCD corrections were computed in [37, 38, 39] , leading to an additional increase of the cross section of roughly 10 − 15%, and showing a good convergence of the perturbative series. Very recently, the three-loop virtual corrections to this process, where finite top quark mass effects are taken into account, were presented in [40, 41] . A further increase in the cross section of about 6% was obtained by doing soft-gluon resummation [42] . This result was confirmed through the leading soft contributions at N 3 LO [43, 44, 45] . Taking all the perturbative effects into account, the inclusive result of the cross section increases by a factor of 2 at LHC and 3.5 at Tevatron. The theoretical uncertainty from effects beyond NNLO was estimated to be about ±10% by varying the renormalization and factorization scales.
The largeness of the K-factors at both colliders is an open question. In [46] , the authors argue that this is due to enhanced contributions of the form (C A πα s ) L , coming from the analytic continuation of the gluon form factor to time-like momentum transfer, with L being the number of loops. A resummation of these terms using soft collinear effective theory (SCET) leads to smaller values of the K-factors; in fact at the LHC, the K-factor for small values of M H is close to 1.
The importance and success in taming the QCD corrections to Higgs production have shifted attention to electroweak corrections to the Higgs signal. The authors of Refs. [47, 48] pointed out important 2-loop light-quark effects; the corresponding diagrams involve the Higgs coupling to Wor Z-bosons which then couple to gluons through a light-quark loop. These terms are not suppressed by light-quark Yukawa couplings, and receive a multiplicity enhancement from summing over the quarks. A careful study of the full 2-loop electroweak effects was performed in Ref. [49] . They increase the leading-order cross section by up to 5 − 6% for relevant Higgs masses. The leading order of the mixed QCD-electroweak corrections, due to diagrams containing light quarks, was calculated in [50] , using an effective field theory approach where the W boson is integrated out. This work allowed to check the complete factorization hypothesis of QCD and electroweak corrections proposed in Ref. [48, 49] . The result shows that, despite the large violation of the factorization assumption, a significant numerical difference from the prediction of this hypothesis is not observed in the cross section, due to the dominant QCD corrections. The end effect on the cross section is an additional enhancement of up to 6% from the O(α) + O(αα s ) terms.
In addition to the previous results, the authors of [50] provided a new prediction for the inclusive cross section of the gluon fusion process. This result takes into account all the new theoretical calculations: the 2-loop light-quark diagrams based on the complex-mass scheme for the W -and Z-bosons [49] , the new 3-loop O(αα s ) correction, the contributions from top and bottom quarks with the exact NLO K-factors and at the time the newest parton distribution functions (PDF) by the MSTW group [51, 52, 53] . These same effects were later on also taken into account in a prediction provided by the authors of [54, 55] . Both groups calculate the uncertainty on the cross section due to missing higher order corrections by varying the renormalization and factorization scales in the range µ 0 /2 < µ F , µ R < 2µ 0 , with µ 0 = m H /2 for the first group and µ 0 = m H for the second one. They obtain similar values for the uncertainty, roughly 8 − 10%. Other predictions for the gluon fusion inclusive cross section were provided by two other groups with values of the uncertainty on the cross section that have been debated in the community [56, 57, 58] . For more details we refer the reader to [28] .
The calculations mentioned above refer to the inclusive cross section, which means no experimental cuts were imposed. It was shown in a previous work [59] that the impact of higher order corrections on the rate and shape of the corresponding distributions may be strongly dependent on the chosen cuts. The most general higher order prediction for gluon fusion process is available in the form of partonic NNLO Monte Carlo programs [60, 61] which use the large-M top limit and vanishing b-quark mass. In [59] , the authors have shown that, while for the process gg → H → γγ, radiative corrections are only slightly affected by the signal cuts, the process gg → H → WW → lνlν is strongly affected by these cuts which take away most of the increase observed in the inclusive cross section. Additionaly, finite top-and bottom-quark mass effects and electroweak contributions to the Higgs boson transverse momentum spectrum (P T -spectrum) at the NLO level were presented in [62, 63, 64] . In a recent work, the authors of [65] have combined the results of the NNLO QCD corrections to the inclusive cross section with the resummation of multiple soft gluon emissions at small transverse momenta at the next-to-next-to-leading logarithmic (NNLL) accuracy, in a numerical program HRes, which is publicly available.
In searching for the Higgs at hadron colliders, it is customary to divide the data into exclusive jet bins in order to reduce the background. Traditionally, the uncertainty on the exclusive fixed order predictions was estimated by varying the renormalization and factorization scales, similarly to the inclusive case. The authors of [66] have shown that this way of calculating the perturbative uncertainty underestimates it due to cancellations between the perturbative corrections. They have proposed a way of evaluating the uncertainty separately for each jet multiplicity then combining them to get the final result taking into account the correlation between the uncertainties in the different jet bins as well as in the total cross section. The jet veto uncertainties in Higgs production was also discussed by the authors of [67] , who have in addition studied the jet veto efficiency and have done a next-to-leading logarithmic (NLL) resummation in the transverse momentum threshold used for identifying jets. Attempts for extending this resumation to the NNLL approximation have then followed by three groups [68, 69, 70] and to the Higgs+1 jet process at NLL in [71] .
Vector Boson Fusion
This process is important for the discovery of the Higgs boson at the LHC for a wide range of Higgs masses [75, 76, 77, 78] . The vector boson fusion (VBF) cross section is one order of magnitude lower than the one for gluon fusion, but it is an attractive channel for measurements of the Higgs couplings and CP properties [72, 73, 26, 74] . In VBF, the Higgs is produced in association with two jets which are scattered into the forward direction. These two jets are not color connected at LO, which means that the hadronic activity in the rapidity region between these two jets is very small. On the other hand, the Higgs decay products are found at central rapidities, which allows to efficiently reduce the background if suitable cuts are chosen. The NLO QCD corrections to the total cross section were computed a long time ago and found to be of the order 5 − 10% [79] . These corrections have been implemented in fully differential partonic NLO Monte Carlo programs in [81, 84] . Approximate NNLO QCD results using the structure function approach are also known [83] leading to an overall theoretical uncertainty of 1-2% The full electroweak and QCD corrections to this process have also been computed [82, 84] . Like other production modes, the VBF process suffers from a large background. The dominant one when trying to isolate the HWW and HZZ couplings through VBF is the Higgs production plus two jets from gluon-gluon fusion. The LO contribution to this background is known keeping the full top-mass dependence [85] . The authors have shown that the VBF cuts on the rapidity and the transverse momentum of the tagging jets work efficiently in this case. The NLO QCD corrections to H j j in the large top quark mass limit are also known [86] , as well as parton shower effects on the azimuthal angle correlation of the two jets and the rapidity distribution of extra jets [87] .
Higgs Strahlung
This is the third important channel at the LHC after gluon fusion and vector boson fusion, based on the inclusive cross section. Although it was considered less promising due to the large background, a recent analysis has shown that a signal in this channel might be observable [88] , by looking at events where both the Higgs and the gauge boson (W ± or Z) have large transverse momentum. The NLO QCD corrections to this production mode are known [89] . They increase the cross section by about 30%. The NNLO QCD corrections result from two subsets of diagrams: a Drell-Yan production of a vector boson that radiates a Higgs boson, and diagrams where the Higgs is produced through a heavy quark loop. Results for the first set of diagrams were available several years ago and give a further increase the cross section by about 5 − 10% [90] . These corrections lead to a reduction of the scale dependence of the cross section from 10% at LO to 5% at NLO, to 2% when the NNLO result is included. The second subset of diagrams was evaluated recently [91] , their effect is of the order 1 − 3%. At this level of precision, electroweak corrections become important to further improve the precision of the prediction. They were calculated at order O(α) in [92] and were found to decrease the cross section by 5% to 10% depending on the Higgs boson mass and the input parameters scheme. A fully exclusive NNLO QCD calculation for the WH production mode was recently presented in [93] , allowing arbitrary cuts on the W and Higgs decay products. By searching for events where the Higgs is boosted at high P T at the LHC, sizable QCD corrections were found, thereby challenging the stability of the fixed-order calculation.
Methods for analysing Higgs properties
Two of the first quantities requiring determination for the recently discovered boson by the LHC collaborations are the spin and CP properties. These can be measured through a variety of ways in multiple final states. An initial attempt to determine the CP properties assuming a spin-zero state has been made [94] , and a discussion of how to disentangle the various spin and CP possibilities once more data is taken was presented in Ref. [95] . As the largest experimental excesses are in the γγ and ZZ → 4l final states, where either one or both Z-bosons are off-shell, initial studies will focus on these two modes. Two broad categories of techniques exist for the measurement of the new particle's quantum numbers. Multi-variate methods input all of the kinematic information in an event into a likelihood function that can be used to exclude hypotheses for the new state's identity. These ideas have been suggested in the literature for both analyzing the new particle's properties and assisting in discovery [96, 97, 98] , and in particular are heavily used in the CMS analysis of the ZZ final state [2] . In the large-time and large-data set limit, such techniques provide the most sensitivity to particle properties, since no kinematic information is neglected. Alternatively, single variables that provide sensitivity to properties of interest can be studied. Analyses of this type offer the advantages of simplicity and clarity over multi-variate approaches, and can be more easily implemented to provide answers quickly. They can also indicate which input variables should be used to improve the efficiency of multi-variate techniques.
In [99] , the authors have introduced a powerful single-variable measurement in the four-lepton final state that discriminates among both the spin and CP possibilities for the new state. This method can be used when either one or both intermediate Z bosons are off-shell, and is relatively insensitive to background contamination. The idea is simple to explain. Let M 12 and M 34 respectively denote the same-flavor lepton pairs with the highest and lowest invariant masses. We can suggestively call the mass of the heavy resonance decaying to the leptons M H . M 34 must satisfy the following inequality: M 34 ≤ M H − M 12 . The fall-off of the M 34 distribution as this upper limit is approached is sensitive to the spin and CP nature of the heavy resonance. Denoting the momentum of the 34-pair in the H rest frame as β , for a pure CP-even spin-zero state this distribution decreases linearly in β . For a pure CP-odd spin-zero state, it falls off as β 3 . For spin-two states, it falls off as either β , β 3 , or β 5 , depending on the couplings of this state to spin-one particles. Measurement of this distribution provides a powerful handle on the couplings of this new state. More details about this method can be found in [99] .
Summary

